Background: Clinical and radiographic examinations are essential in establishing correct periodontal diagnoses as well as providing appropriate treatment options. Current radiographic examinations, however, do not provide adequate information regarding the severity of periodontal disease, presenting a need to investigate alternative methods. The aim of this best evidence consensus is to determine when cone-beam computed tomography (CBCT) imaging is appropriate for diagnostic inquiry in the management of inflammatory periodontitis.
P eriodontal disease is the most prevalent chronic oral disease affecting the adult population in the United States, and 64.7 million (42.7%) American adults have been diagnosed with mild, moderate, or severe periodontitis. 1 In adults 65 years and older, the disease prevalence rate increases to 70.1%. 1 A recent update on the prevalence of periodontitis in United States adults has also confirmed this previous finding. 2 Periodontitis can result in clinical signs and symptoms of inflammation that may be reported by patients, but the disease is usually confirmed through clinical and radiographic examinations revealing: 1) deep probing depths (PDs), 2) bleeding on probing (BOP), 3) presence of purulence, 4) clinical attachment loss (AL), 5) alveolar bone resorption, and 6) mobility that can lead to the eventual loss of teeth. Intrabony and furcation defects are clinical findings as a result of the periodontal disease process, and affected teeth are at increased risk for further attachment and bone loss, resulting in a compromised dental prognosis. [3] [4] [5] [6] One of the most difficult clinician challenges is determining whether a compromised tooth can be maintained. In many cases, important decisions need to be made during a diagnostic phase before initiation of the phase I treatment. However, limitations in diagnostic tools may lead to inaccurate prognostic judgments and possibly execution of inappropriate treatment or overtreatment. For example, a correct diagnosis of furcation involvement (FI) is very important in determining the prognosis and treatment options (regenerative, respective, or extraction) because both the severity of periodontal disease and associated tooth loss are higher in the molar regions than in the anterior non-furcated teeth. 7 The diameter of the furcation entrance has an impact on the accuracy of furcation detection. 8 It was previously shown that 81% of furcation entrances were <1.0 mm, and 58% were <0.75 mm. 8 Thus, narrow entrances as well as presence of ridges, convexities, and concavities often do not allow adequate instrumentation or complete plaque removal by the patient. 9 In addition, a study by Graetz et al. 10 demonstrated that determining the degree of furcation involvement by clinical probing was accurate in only 56% of assessed cases. The sensitivity of a furcation arrow as a radiographic marker for furcation involvement detection was shown to be only 38.7%. 11 Surgical options such as: 1) apically positioned flaps; 2) tunneling preparation; 3) root amputation; 4) hemisection; 5) osseous recontouring; and 6) regeneration procedures are all dependent on the contour of residual bone, root trunk length, root morphology, degree of root separation, and the degree of horizontal and vertical furcation invasion. 12 Systematic reviews and consensus reports from the 2014 American Academy of Periodontology Regeneration Workshop drew conclusions that regenerative therapies for both intrabony and furcation defects are viable options, but early management of these defects offers the greatest potential for periodontal health. [3] [4] [5] [6] Intrabony defect morphology as well as degree of furcation involvement may affect overall regenerative outcomes and/or optimal treatment strategies. [3] [4] [5] [6] Thus, it is very important to have access to accurate diagnostic tools that can aid clinicians in cultivating an appropriate treatment choice.
Periodontal assessments utilizing both clinical and radiographic examinations allow for the establishment of an accurate diagnosis as well as subsequent treatment choices. 13 Intraoral radiographs (periapical and bitewing), panoramic radiographs, and digital subtraction radiographs are used to supplement the initial clinical diagnosis of periodontal disease, because they may reveal the extent and type of bone loss. 13 Two-dimensional (2D) conventional radiographic technologies, however, cannot provide as adequate information regarding periodontal intrabony and furcation defects that are undergoing morphologic changes in three dimensions (3D). 14 2D technologies do not allow for measurement of the bucco-lingual (B-L) width of the defect (Fig. 1) . Only the vertical height and the mesio-distal (M-D) width of the defect can be measured with 2D images. 15 The disadvantage of the panoramic radiograph is the distortion of the images and the blurring of anatomic structures. 16 Sometimes conventional radiographs hinder the actual distinction between the cortical vestibular and lingual aspects due to superimposition, making it difficult to distinguish crater defects and furcation involvements. [17] [18] [19] [20] An accurate and irrefutable evaluation of alveolar bone height in relation to the cemento-enamel junction (CEJ) and morphology and extent of intrabony and furcation defects would enhance periodontal diagnosis as well as help to provide optimum treatment plans (Figs. 2 through 4). 18 A deficiency in comprehensive diagnosis may result in: 1) compromised prognosis of teeth; 2) changes in treatment plan; 3) unnecessary treatment; 4) longer treatment time; and 5) unanticipated treatment costs. 21, 22 Cone-beam computed tomography (CBCT) was first commercially introduced to the dental profession in 2000. 16 It is an imaging modality that produces volume imaging in a more simple and rapid fashion than conventional medical CT. 16, 23 An accurate, multiplanar 3D imaging can be obtained at lower radiation compared to the medical CT because it reduces the inefficiency of x-ray photon usage. 16, 23 Voxel sizes affect CBCT image quality, as alveolar bone defects can be evaluated with high accuracy using smaller voxel sizes. 18, 24 CBCT can be categorized into limited-, medium-, and large-volume units based on the size of their field of view (FOV), and the FOV should only slightly exceed the dimensions of the anatomy of interest. 25 For both endodontics and implant dentistry, CBCT is being widely used for diagnosis and treatment. 25, 26 In endodontics, limited-FOV CBCT can be considered the imaging modality of choice for: 1) enhancement of diagnosis; 2) initial treatment of teeth with the potential for extra canals and suspected complex morphology; 3) identification and localization of calcified canals; 4) vertical root fracture identification; 5) assessment for endodontic treatment complications; 6) diagnosing and treating complex periodontic-endodontic lesions; 7) differentiation of external and internal resorptive defects; and 8) other applications (Fig. 5) . 25 In implant dentistry, CBCT is used for presurgical treatment planning as well for management of postoperative complications. 26 Thus, CBCT has the potential to gather accurate diagnostic and qualitative information regarding a patient's alveolar bone loss (ABL), especially for teeth with intrabony or furcation defects. 16 Numerous ex vivo studies have been conducted in the past to support the use of CBCT in diagnosing and assisting in the management of inflammatory periodontal diseases. 19, [27] [28] [29] Research comparing A) Patient presented for dental implant placement in #30 site, and the clinician was able to diagnose an intrabony defect on the mesial aspect of tooth #29. B) A full-thickness buccal flap was elevated to expose the defect site. C) The bony defect has extended to the lingual aspect of #29, which was not visible on a periapical radiograph. This type of defect would have been visible by conebeam computed tomography evaluation, and together with the clinical evaluation may have impacted the prognosis for this tooth and the resultant treatment plan. A panoramic reconstruction of a mandibular computed tomography scan image demonstrating the alveolar bone level of a patient with generalized aggressive periodontitis.
Figure 3.
A 3D image demonstrating extent of bone loss.
the use of 3D volumetric images and 2D images in artificial bone defects have shown that CBCT has a sensitivity of 80% to 100% in detection and classification of bone defects, while intraoral radiographs present a sensitivity of 63% to 67%. 19, 27, 28 When compared with periapical and panoramic images, the CBCT has also shown an absence of distortion and overlapping, and the dimensions of the images that it presents were compatible with the actual size of the individual. 19, [27] [28] [29] Several ex vivo studies on human cadavers and dry skulls have demonstrated that the CBCT better evaluates periodontal intrabony and furcation defects than periapical radiographs. 19, [27] [28] [29] [30] Misch et al. 19 created artificial osseous defects using a dental bur in the mandibular premolar and molar regions on dry skulls and reported that while all intrabony defects were detected using CBCT, only 67% of intrabony defects were diagnosed using periapical radiographs. Due to the obstruction of intact buccal and/or lingual plates, the extent and severity of intrabony defects could not be well visualized on periapical radiographs. 19 Vandenberghe et al. 28 compared 2D intraoral digital images with 3D CBCT images in the assessment of periodontal bone levels and defects following flap surgery on two adult human cadavers and dry skulls containing 30 periodontal defects. In terms of linear bone level measurements, the deviations for intraoral radiography ranged from 0.19 to 1.66 mm and 0.13 to 1.67 mm for CBCT. The accuracy was not significantly different between imaging modalities. 28 However, intraoral radiography scored significantly better for contrast, bone quality, and delineation of lamina dura, while the CBCT was superior for assessing crater defects and furcation involvements. 28 Vandenberghe et al. 17 investigated the diagnostic values of digital intraoral radiography and CBCT in the determination of periodontal bone loss on two adult human cadavers and dry skulls containing 71 bony defects. Craters and furcation involvement were all detectable (100%) on CBCT data, while only 71% of the crater defects and 56% of the furcation involvements were identified on the digital intraoral radiography. 17 Fuhrmann et al. 30 created bony defects in 28 maxillary and mandibular molars from 18 cadaver jaw specimens to identify and classify the degree of FI with either dental radiographs or high-resolution CT. They found that while only 21% (six of 28) of the artificial FIs were identified on periapical radiographs, all 28 molar FIs (100%) were identified in CT scans. Mengel et al. 29 compared the accuracy and quality of intraoral radiography (IR), panoramic radiography (PR), CT, and digital volume radiography (DVT) with histologic specimens for evaluation of different experimental periodontal defects (furcations, dehiscences, fenestrations) from pigs and seven human mandibles. The standardized preparation of periodontal defects were done with spherical and cylindrical cutters. 29 The comparison between measurements of the radiographic images and the histologic specimens revealed a mean deviation of 0.16 -0.10 mm in the CT scans, 0.19 -0.11 mm in the DVT scans, 0.33 -0.18 mm in the IR images, and 1.07 -0.62 mm in the PR images. 29 The results of the study demonstrated that intrabony defects, fenestrations, dehiscences, and furcation involvements can be exactly represented in 3D with both CT and DVT, with only a slight deviation in the extent of the periodontal defects compared with the histologic specimens. 29 The advantage of ex vivo studies is that a valid reference can be established with creation of standardized defects. 31 Although positive results have been reported in these ex vivo studies, all imaging procedures were performed under conditions without the impact of patient's movement, which may interfere with the image quality. 32 In addition, all metal artifacts have been either removed or not involved in the measurement, and the dehydration of the dry skulls resulted in faded CEJs, which could not be used as a reference point as in formalin-fixed cadaver jaws. 28 Thus, results drawn from these ex vivo studies need to be interpreted with caution.
The aim of this best evidence consensus is to determine when CBCT imaging is appropriate for diagnostic inquiry in the management of inflammatory periodontitis. Accordingly, three focused and clinically relevant questions were also asked and answered after review of the literature and are presented below.
MATERIALS AND METHODS
The authors (DMK and SHB) critically reviewed and analyzed the literature associated with the topic of interest. The present systematic review was conducted according to the PRISMA (Preferred Reporting Items for Systematic Reviews and MetaAnalyses) guidelines. 33 The authors systematically reviewed the literature to answer the following three clinically relevant focused questions regarding the role of CBCT in the management of inflammatory periodontitis. 1) Clinical situation: In patients with periodontitis, what (if any) clinical situations/conditions exist where CBCT imaging improves diagnostic acumen and subsequent treatment recommendations compared to 2D radiographic interpretation? 2) Intervention: Does CBCT imaging improve the accuracy of a diagnostic assessment and the establishment of a prognosis in the analysis of furcation and/or intrabony defects? Is the execution of therapy improved and facilitated, or is it therapeutically challenged? 3) Outcomes: Does the use of CBCT imaging provide superior short-term or long-term clinical outcomes, more favorable patient-reported outcomes, or more consistent clinical treatment decisions affecting tooth prognosis (as measured by defect fill, improvements in bone anatomy, mobility patterns, and ultimate tooth survival)?
Inclusion and Exclusion Criteria
The Population, Intervention, Comparison, and Outcome (PICO) framework was used to guide the inclusion or exclusion of studies in this systematic review. Inclusion criteria were as follows: 1) studies in adult human individuals with inflammatory periodontitis (population); 2) use of CBCT (intervention) for diagnosis or treatment planning of inflammatory periodontitis; 3) use of direct clinical measurements (comparator 1) or any other diagnostic modalities (comparator 2) to validate the accuracy of CBCT for diagnosis and treatment planning of inflammatory periodontitis; 4) provision of quantitative measurements of accuracy of CBCT (outcome). All study designs with a comparison were considered for A) A patient presented with an isolated deep PD on the palatal aspect of tooth #3. B) A periapical radiograph demonstrates properly obturated root canals on #3, but periapical radiolucency can be seen on the apex of the mesial root. C) A limited-FOV CBCT demonstrating severe destruction on the palatal root instead of on the mesial root. CBCT was helpful in identifying this combined periodontic-endodontic lesion.
inclusion in this systematic review, including randomized controlled trials (RCTs), non-randomized controlled trials, prospective or retrospective cohort trials, and cross-sectional studies.
Exclusion criteria included: 1) studies published in languages other than English; 2) studies that did not fulfill the inclusion criteria regarding study population and study design such as in vitro studies, ex vivo and animal studies, editorials, letters, reviews, and case reports; 3) studies that did not report on the use of CBCT for diagnosis and treatment planning of inflammatory periodontitis; 4) studies that did not have the above-mentioned comparator group; and 5) studies that did not clearly describe the experimental methodology or outcome parameters. The results of the systematic search were screened, and studies that were clearly irrelevant to the topic were discarded at the title level. Potentially relevant abstracts were screened for relevance of the reported intervention. Full texts of remaining articles were read to decide whether they meet the inclusion criteria. Disagreements regarding the inclusion of the studies were resolved through discussion and consensus.
Search Strategy and Study Selection

Data Extraction
The following data were extracted from each included study: 1) general information: first author, title, year of publication, journal, setting (private practice versus academic setting), country of origin, and funding source; 2) study characteristics: study design, number of patients, teeth, and evaluated sites in each group; 3) intervention details: type of interventions and type of periodontal defects; 4) CBCT features: CBCT unit, exposure conditions (kV, mAs, seconds), size of the FOV, and voxel size; 5) comparator features: type of diagnosis comparator; and 6) outcomes: outcome variables, evaluation tool, and results. Discrepancies between reviewers were resolved by discussion and consensus.
Quality Assessment
The Strength of Recommendation Taxonomy (SORT) 34 criteria were used to assess the level of evidence: 1) consistent, good-quality patient-oriented evidence; 2) inconsistent or limited-quality patient-oriented evidence; and 3) consensus, disease-oriented evidence, usual practice, expert opinion, or case series for studies of diagnosis, treatment, prevention, or screening.
Statistical Analyses
A meta-analysis was not possible because the outcome variables and methods used to assess and report these outcomes were varied among the studies. Therefore, the findings are presented in narrative form. Figure 6 . The electronic search identified 885 and the manual search yielded an additional five citations. After screening of the titles and abstracts of the articles, studies were excluded because they were irrelevant to the topic of this systematic review. The full-text version of the remaining 74 articles were obtained and reviewed. Sixty-two articles were excluded for not meeting inclusion criteria. In total, twelve articles were included in the present systematic review. [13] [14] [15] 21, 22, [35] [36] [37] [38] [39] [40] [41] Six of the included studies assessed the accuracy of CBCT for detection of ABL (Tables 1 and 2) , [13] [14] [15] [35] [36] [37] and the other six studies evaluated application of CBCT for diagnosis of furcation involvement 42 (Tables 3 and 4) . 21, 22, [38] [39] [40] [41] Clinical Situation In patients with periodontitis, what (if any) clinical situations/conditions exist where CBCT imaging improves diagnostic acumen and subsequent treatment recommendations compared to 2D radiographic interpretation?
RESULTS
A flow diagram of the search strategy is illustrated in
Periapical radiographs have better image quality than CBCT, including contrast resolution, clarity, and detail. 41, 43 However, CBCT measurements allow for sequential analysis of several image slices to locate the most apical point of the bottom of the defect. 14, 15 Intrabony and furcation defects were the two most commonly discussed bony defects when comparing the efficacy of CBCT versus IRs. A total of 12 references met our inclusion criteria to determine the role of CBCT in diagnosis and treatment of both intrabony and furcation defects. [13] [14] [15] 21, 22, [35] [36] [37] [38] [39] [40] [41] Intrabony defects. [13] [14] [15] [35] [36] [37] Surgical exploration of periodontal bony defects provides the most accurate defect assessment; however, this is an invasive technique. Reentry surgery after a periodontal regeneration procedure provides the most definitive information on morphologic and dimensional changes of the intrabony defect before and after surgery. 14 Two clinical studies reported by Grimard et al. 14 and Li et al. 15 have compared CBCT and intraoral radiographic evaluations to the gold standard, which was the direct surgical measurement of intrabony defects.
Grimard et al. 14 evaluated 35 intrabony defects (6% 1-wall defect, 6% 2-wall defect, 34% 3-wall defect, and 54% combination of defect walls) from 29 patients exhibiting moderateto-severe chronic periodontitis (CP) and undergoing periodontal regeneration procedures. 14 The linear measurements of periodontal defects and treatment outcomes from IRs and CBCT images were compared with the same direct surgical measurements. 14 IR measurements were less accurate compared with CBCT for all clinical parameters investigated (vertical bone level, defect fill, and defect resolution) and underestimated direct surgical measurements from 0.6 -2.3 mm to 1.5 -2.3 mm on intrabony defects. 14 Overall, compared with direct surgical measurements, CBCT was significantly more precise and accurate than IR measurements.
Li et al. 15 conducted a clinical study comparing the accuracy of digital periapical radiography and CBCT with the direct measurements of intrabony defects during periodontal surgery for generalized aggressive periodontitis (AgP) and advanced CP patients. Forty-four intrabony defects were included (three 1-wall defects, nine 2-wall defects, 12 3-wall defects, and 20 combined defects) and bone loss (the distance from CEJ to the bottom of the defect), depth of the intrabony Agreement in treatment recommendation: 18% 18% of cases the CBCT-based treatment decision was more invasive than the clinicalbased treatment decision 64% of cases CBCT-based treatment decision was less invasive defect, M-D width of the defect, and B-L width of the defect were measured. 15 CBCT images could provide relatively accurate measurements of the M-D width of the defect and allowed accurate measurements of the B-L width of the defect, which periapical radiographs could not. 15 However, the CBCT showed no advantage to periapical radiographs when the vertical measurements of the intrabony defects were measured (bone loss and depth of the intrabony defect). 15 de Faria Vasconcelos et al. 37 compared periapical radiographs with CBCT images in detecting and localizing ABL by comparing linear measurements of the height, depth, and width of the defects and identifying combined bone defects in tomographic images. The examined samples consisted of 39 teeth from 11 adult patients. Three measurements were performed for each site: 1) the height of the alveolar crest (AC) measured from the CEJ to AC; 2) the depth of the defect measured from the CEJ to the most apical aspect of the defect; and 3) the width of the defect measured from the most coronal point of the AC to the dental root adjacent to the defect. 37 The results showed that there were no statistically significant differences between the imaging methods in terms of identification of the pattern of bone loss. 37 A statistically significant difference (P <0.05) was only seen between the measurements of the distance from the CEJ to the AC, not for the depth and width of bone defects. 37 Three additional studies have used CBCT images to measure either vertical or horizontal bone loss around periodontally compromised teeth and compared that result to the direct surgical measurements. 13, 35, 36 All three studies confirmed accuracy of CBCT images in detecting either vertical or horizontal bone loss around posterior teeth. Guo et al. used a six-site measuring method to investigate the accuracy and repeatability of the method for alveolar bone level evaluation in CBCT images for premolars and molars. 35 The distance between the CEJ and the apical base of the periodontal bone defect was measured using a six-site measuring method for both CBCT images and direct measurements during the periodontal surgery. 35 The selected six sites were the mesio-buccal (M-B), mid-buccal (B), disto-buccal (D-B), mesio-lingual (M-L)/mesio-palatal (M-P), mid-lingual (L)/mid-palatal (P), and disto-lingual (D-L)/disto-palatal (D-P). 35 Direct measurements of the six sites were correspondingly obtained in the subsequent periodontal surgeries. 35 Differences between the distances measured in the CBCT images and during the surgery were analyzed. 35 No statistically significant difference was found between the surgical and CBCT measurements (P = 0.84). 35 Goodarzi Pour et al. 36 completed a study to assess the accuracy of CBCT for detection of marginal bone loss in patients receiving dental implants. A total of 30 patients and 38 teeth (maxillary and mandibular molars and premolars) were included. 36 On CBCT scans, the amount of bone resorption in the buccal, lingual/ palatal, mesial, and distal surfaces was determined by measuring the distance from the CEJ to the alveolar crest. 36 During the surgical phase, bone loss was measured at the same sites using a periodontal probe. 36 No significant difference was observed between the values obtained using CBCT and the surgical method. 36 Thus, CBCT allowed for accurate measurement of bone loss comparable to surgical exploration.
Feijo et al. 13 conducted an in vivo study to verify the accuracy of CBCT in the measurement of horizontal periodontal bone defects in six patients presenting with advanced periodontal disease (eight maxillary molars), and no statistically significant differences were noted between clinical entry and CBCT measurements (P >0.05). Thus, CBCT accurately reproduced the clinical measurement of horizontal periodontal bone defects.
Furcation defects. 21, 22, [38] [39] [40] [41] Furcation defects can be best assessed using a Nabers periodontal probe, but its accuracy depends on factors such as tooth position, inclination, presence of adjacent teeth, and variability in operator technique. 39 Radiographs have a low sensitivity but high specificity for furcation detection. 39 Detectability of early furcation involvement by intraoral radiography is limited due to inherent shortcomings of 2D imaging, and results are inconsistent when different horizontal and vertical angulations are used. 44, 45 Thus, an accurate assessment of furcation involvement with a high degree of reproducibility is important for establishing appropriate prognosis as well as treatment options. 39 Conventional 2D radiographs can be deceptive in evaluating interradicular bone due to superposition of anatomic structures. 23 3D images may provide detailed information about areas of multirooted teeth.
Two studies have investigated the efficacy of CBCT in diagnosing FI by comparing its result to intrasurgical assessment. 40, 41 Walter et al. 21 conducted a follow-up study comparing the intrasurgical assessment of maxillary molar FI with data generated by CBCT. 41 Fourteen patients (25 maxillary molars with 75 furcation entrances) with generalized AgP were examined, and the CBCT was performed to determine the degree of FI. 21 Furcation treatment surgery was performed to determine the intrasurgical FI assessment using a curved scaled Nabers probe. 21 Overall, 84% of the CBCT data were confirmed by the intrasurgical findings, demonstrating a high degree of accuracy. 21 The CBCT underestimated 14.7% (11 sites) of the assessed sites and overestimated 1.3% (one site), compared with the intrasurgical measurements. 21 These discrepancies may be explained by the surgical protocol probably leading to a minor loss of periodontal tissues during instrumentation involving curets and ultrasonic devices. 21 The agreement between both assessments was the highest in disto-palatal furcation entrances, followed by buccal and mesio-palatal. 21 Therefore, CBCT images demonstrated a high accuracy in assessing the loss of periodontal tissue and classifying the degree of maxillary molar FI.
Qiao et al. 40 also conducted a clinical study to investigate the accuracy of CBCT in assessing maxillary FI. CBCT data as well as clinical furcation examinations using a curved scaled Nabers probe were obtained from 15 patients with generalized CP, resulting in 20 maxillary first and second molars with a combined total of 51 furcation entrances. 40 Intrasurgical FI assessments using the curved scaled Nabers probe were compared with CBCT-based data. 40 Intrasurgical findings confirmed 82.4% of the CBCT data. 40 CBCT data underestimated 11.7% of maxillary furcations (CBCT less than intrasurgical value) and overestimated 5.9%. 40 Contrarily, only 21.6% of the presurgical conventional data were completely consistent with the intrasugical FI assessments. 40 Presurgical conventional assessment underestimated 45.1% and overestimated 33.3% relative to the intrasurgical data. 40 One explanation of the error that exists between CBCT and direct clinical measurements is the different accuracy of both measurements. 40 Probing measurements were only able to be made to the nearest 0.5 mm, whereas CBCT measurements were able to be made to the nearest 0.1 mm. 40 The agreement between both assessments was the highest in buccal furcation entrances, followed by disto-palatal and mesio-palatal furcation entrances. 40 CBCT-generated data also added substantial information about the form of the furcation and the severity of the lesions that cannot be obtained from conventional clinical assessment. 40 The mean length of the root trunk and the width of the furcation entrance revealed by CBCT were consistent with their respective intrasurgical values. 40 Horizontal bone loss and vertical bone loss were underestimated by CBCT relative to their respective intrasurgical classifications. 40 In comparison with intrasurgical assessments, CBCT images demonstrated a high accuracy in assessing ABL associated with the FI and root morphologies in maxillary molars. 40 Although the most accurate way of assessing the degree of FI is the intrasurgical evaluation, conducting such measurement is difficult to carry out. 39 Two selected studies compared CBCT versus clinical probing for furcation involvement while one study investigated CBCT versus clinical probing depth versus periapical radiographs for furcation detection. 38, 39, 41 Cimbaljevic et al. 38 conducted a clinical study to compare the use of periodontal probing and CBCT images in the diagnosis of FI in 15 patients with severe AgP. A total of 38 maxillary and 30 mandibular molars were clinically assessed using a Nabers probe (three sites for maxillary molars and two sites for mandibular molars). 38 Patients were further scanned using a CBCT. 38 FIs were more often detected using CBCT than by means of a clinical examination, and agreement between the evaluation methods was present in 56.9% of cases (63.3% in maxilla and 45.0% in mandible). 38 FI that were detected clinically were confirmed by means of CBCT in 24% of the evaluated sites. 38 The largest agreement (73.7%) in FI detection was found in the distopalatal maxillary sites between CBCT and clinical probing. 38 The smallest agreement (36.6%) was found in the buccal sites of the mandibular molars, in which 63.3% of FI were detected using a CBCT only, but were not found clinically by probing. 38 For the mandible, the lingual FI detection demonstrated the strongest agreement between a CBCT and a clinical evaluation. 38 FIs were detected more frequently by means of CBCT than by means of periodontal probing. 38 Thus, CBCT may be suggested as an adjunct tool for an accurate and complete FI assessment.
Darby et al. 39 conducted a retrospective study to determine the correlation between previously documented clinical recordings of FI with CBCT images of multirooted teeth where 154 furcation sites from 27 moderate-to-severe CP patients were examined. 22% of FI measurements from probing and CBCT were in agreement, while 58% of clinical FI recordings were overestimated, and 20% were underestimated when compared with CBCT analysis. 39 Mandibular molars were more prone to under-and overestimation when compared to maxillary molars. 39 The greatest discrepancy was found to exist between sites clinically probed as a Class I furcation, but diagnosed with CBCT as not having FI. 39 One of the limitations of this study was an extended time period (up to 4 years) between CBCT scans and clinical probing in eight out of 19 CBCT scans that were included in the study. 39 Walter et al. 41 completed a study to investigate the use of CBCT in assessing FI and concomitant treatment decisions in maxillary molars. Twelve patients with generalized CP were recruited, and a CBCT was performed in maxillary molars (n = 22) with 66 furcation entrances. 41 PD and probing attachment level (PAL) were measured to the nearest mm at six sites (M-B, B, D-B, D-P, P, and M-P) using a UNC-15 millimeter probe. 41 FI was measured at three sites (B, M-P, and D-P) of the molars using a curved scaled Nabers probe. Periapical radiographs (films) as well as CBCT were taken. 41 Only 27% of the clinical findings were confirmed in the CBCT, while 29% were overestimated, and 44% revealed an underestimation. 41 Among Class I FI, 25% were underestimated, among Class II and II-III, the underestimation was as high as 75%, while all sites with Class III FI were confirmed in the CBCT. 41 The CBCT analyses revealed several additional findings such as root fusion (five times) or root proximity (ten times), which were not clearly discernible from the periapical radiographs. 41 The additional CBCT analysis facilitated a clear decision for further periodontal treatment in all teeth investigated when compared to treatment recommendations from clinical findings and periapical radiographs. 41 In conclusion, CBCT images of maxillary molars may provide detailed information of FI and a reliable basis for treatment decisions. However, CBCT results need to be interpreted by trained personnel, and lack of standardization of different CBCTs as well as related software raise a concern for its universal usage in periodontal disease diagnoses.
After reviewing the three studies, one needs to consider inherent probing error as a limitation of clinical probing measurements, and its accuracy depends on operator techniques, root morphology, probe angulation, amount of force exerted, access, and the ability of the patient to open the mouth. 46 In addition, the clinician may be scoring the furcation concavity rather than the furcation itself because root concavities are known to be found along fused roots, on roofs of furcations, coronal or apical to furcations, and on interproximal root surfaces. 47 Therefore, the presence of deep root concavities on root surfaces can be confused with FI, which then leads to misdiagnosis or overestimation of FI.
Consensus: SORT Level B.
Intervention Does CBCT imaging improve the accuracy of a diagnostic assessment and the establishment of a prognosis in the analysis of furcation and/or intrabony defects? Is the execution of therapy improved and facilitated or is it therapeutically challenged? Defect fill and defect resolution are the main outcomes for periodontal regenerative studies. 48, 49 For intrabony defect fill measurements, Grimard et al. 14 reported the mean difference between IR measurements and direct surgical measurements (0.8 mm) was two times larger than that of the CBCT measurements (0.4 mm). Both IRs and CBCT underestimated defect fill and defect resolution compared to direct surgical measurements. However, the CBCT measurements were closer to the surgical measurements than those made from intraoral radiographs. Thus, CBCT is an equivalent substitution for direct surgical measurements of bony changes occurring after bone replacement graft procedures, especially defect fill and defect resolution. 14 In addition, CBCT allows assessment in all three dimensions and allows the viewer to locate the deepest portion of the defect, wherever it may be along the tooth surface, while the deepest portion on intraoral radiograph may be obscured by facial and lingual bony cortices. 14 Although limited available evidence appears to indicate that CBCT is the most accurate method to determine the morphology of the intrabony defect, it may thus be used for a more accurate diagnosis and treatment planning in demanding cases. 50 High agreements between CBCT and clinical findings were further demonstrated with respect to the measurements of the height of the alveolar crest (CEJ to AC), the defect fill, and the resolution. 14, 37 Studies with no gold standard (without intrasurgical measurements) reported that CBCT showed noticeable advantage in furcation defect detection compared to probing during clinical examination. 38, 39 Sufficient evidence from three different populations indicates a high accuracy of CBCT imaging for the analysis of furcation involvement in maxillary molars in particular. 21, 40, 41 The accurate detection of the FI and the assessment of the root morphology affects the diagnosis and is consequently essential for the choice of treatment, the tooth prognosis, and the maintenance procedures. 41, 50 For maxillary molars, the additional CBCT analysis facilitated a clear decision for further periodontal treatment in all maxillary molar teeth investigated, when compared with treatment recommendations according to clinical findings and periapical radiographs. 41 A possible reduction in treatment costs and time for periodontally involved maxillary molars was demonstrated in one study. 22 Walter et al. 22 have conducted a clinical study to assess the financial benefit of CBCT for the treatment options of maxillary molars on 12 patients with generalized CP. 22 Conventional periodontal diagnostics (clinical examinations and periapical radiographs) and CBCT analysis were performed in maxillary first and second molars, resulting in 66 furcation entrances. 22 Treatment recommendations were either based on conventional periodontal diagnostics (clinical examinations and periapical radiographs) or on the additional CBCT data. 22 Clinical recommendations comprised minimally (supportive periodontal treatment) and maximally invasive therapy (extraction and implant placement), which were compared with CBCT-based recommendations. The average cost reduction using a CBCT amounted to Swiss Franc (CHF) 915 -1,470 and saved 136 -217 minutes. 22 The greatest reductions were found with maximally invasive clinically based treatment decisions (CHF 1,566 -1,840), particularly for second molars (CHF 2,485 -2,226). 22 Errors in furcation diagnosis have the potential to result in inappropriate treatment decisions for maxillary second molars compared with first molars due to a reduced degree of separation. 22 To compensate CBCT costs, 1.7 individuals were needed to treat to at least break even. 22 Overall, the costs and time efforts for a CBCT were compensated for and justified in about 60% of all cases, whereas a more substantial financial benefit of CHF 600 or more was achieved in only 43% of cases. 22 After review of the literature, although the diagnostic aspects of intrabony and furcation defects can be improved via the use of CBCT, there is limited evidence available to support the use of CBCT imaging for improving the execution of therapy for both intrabony and furcation defects.
Conclusion: SORT Level C.
Outcomes Does the use of CBCT imaging provide superior shortterm or long-term clinical outcomes, more favorable patient reported outcomes, or more consistent clinical treatment decisions affecting prognosis (as measured by defect fill, improvements in bone anatomy, mobility patterns, and ultimate tooth survival)?
There is a lack of literature support on the use of CBCT imaging providing either superior short-term or long-term clinical outcomes. None of the literature has reported patient-reported outcomes when CBCT imaging was used.
Walter et al. 22 was the only clinical study assessing the financial benefit of CBCT for treating maxillary molar furcations, and the average cost reduction from CBCT amounted to Swiss Franc (CHF) 915 -1,470 and saved 136 -217 minutes.
Conclusion: SORT Level C (due to lack of supporting documents).
DISCUSSION
Information derived from both clinical and radiographic examinations is required to choose the most appropriate diagnosis and treatment options for periodontally compromised patients. 2D radiographs have been traditionally used as an adjunct to the clinical examination, but evaluation of bony craters, lamina dura, and alveolar bone level is limited by projection geometry and superimpositions of adjacent anatomic structures. 36 Knowledge of the morphologic component of supporting alveolar bone is of fundamental importance for the therapy to determine the prognosis of periodontally compromised teeth because a larger number of remaining walls (contained versus uncontained) favor the prognosis of regenerative therapy. 36 The presence of remaining buccal bone on periodontally compromised teeth might be detected on CBCT.
Limitations of CBCT
The effective radiation dose of a typical panoramic radiograph is 3 to 24.3 mSv, and a full-mouth series gives a dose of 34.9 to 104.71 mSv, while a typical CBCT radiation dose is 11 to 604 mSv. 51 No matter how low the dose, it is excessive if it is unlikely to improve the outcomes of the treatment provided. 21 The As Low As Reasonably Achievable (ALARA) fundamental principle for diagnostic radiology must be followed when utilizing CBCT imaging. 52 In addition to the amount of radiation exposure and equipment size and cost, CBCT assessment is more technically difficult than intraoral radiographs because the CBCT images must be manipulated to grain correct defect orientation for measurement. 14 The beam-hardening artifacts that comprise radiolucent areas and radiopaque lines due to metal artifacts can occur more often in CBCT images. 23 Metal and amalgam restorations cause streaks around materials as well as dark zones that affect the overall quality of the image. 23 All the studies that have been chosen for the review have eliminated teeth with metal and amalgam restorations due to this inherent problem. Thus, the use of CBCT imaging around heavily restored teeth may be contraindicated. CBCT is well suited for imaging the highly mineralized structures such as bone or teeth but it cannot provide clear images of soft tissues. 23 The effective radiation dose of a dental CT varies according to the brand of the appliance and the technical specifications selected during the use (FOV, exposure time, kilovoltage, and milliamperage). 53 When compared with conventional radiography, the CBCT radiation dose is equivalent to a full-mouth series and approximately three to seven times the dose of a panoramic radiograph depending upon the settings used. 53 The quality of images obtained by CBCT depends on acquisition parameters, such as milliamperage, kilovoltage, and voxel size. [53] [54] [55] Periodontal ligament space, cortical bone, alveolar crest, and alveolar cortical bone require images with better definition as well as a smaller voxel size. 53, 55 To reduce the radiation exposure, an FOV as small as possible should be used, and the larger FOV should be limited to cases in which a wider tissue volume is required. 56 The selection of the technical parameters of the image should be a balance between the need for image resolution and the use of a minimum amount of radiation. 37 Efforts to reduce radiation exposure from CBCT have been attempted by reducing multiple field of view settings for scanning, increasing kVp, and additional installation of filtration in CBCT units. 57 A recent systematic review discussed the lack of CBCT standard exposure parameters (FOV and voxel size) for diagnosis of bone defects related to periodontitis. 31 The authors of the review concluded that there is not sufficient scientific evidence to support the use of CBCT for the diagnosis and/or treatment planning of intrabony and furcation defects. 31 Moreover patient desires and requests are also relevant, along with the technical and financial effort involved. 31 Also the additional radiation risk of the CBCT examination should be justified in patients for whom clinical measures and conventional radiographs cannot provide sufficient treatment information. 31 Further long-term clinical studies are necessary to establish selection criteria that will help define the conditions and specific indications for the use of 3D imaging in periodontology to enhance periodontal diagnosis and treatment planning. 13 Larger data sets, calibrated examiners, and large samples of all tooth type measurements made on CBCT images might obviate reentry surgery as a means of obtaining clinically relevant information about changes in bony defect morphology. 14 References that have been cited here have not been consistent in terms of CBCT resolution and FOV used for their investigations. The CBCT resolution continues to be improved, and current small-FOV and high-resolution CBCTs may be able to deliver improved diagnostics while limiting inherent overall scatter that is generated. 25 In selective cases, limited-FOV CBCT can be useful for periodontal disease diagnosis due to less radiation dosage to the patient, higher spatial resolution, and shorter volumes to be interpreted. 25 At this time, limited evidence exists to support the utilization of the CBCT for routine diagnosis of intrabony and furcation defects. Despite the fact that there is rapidly accruing literature on CBCT, there is still no current evidence-based guideline on its necessity and use for routine periodontal treatment planning and implementation, including the handling of FI. 38 However, future advancements in CBCT technology may allow clinicians improved diagnosis as well as treatment options for furcation and intrabony defects.
CONCLUSIONS
At this time routine use of 3D imaging for the diagnosis and treatment of moderate-to-severe periodontitis does not appear to be warranted from a radiation exposure and cost perspective. The clinician has more useful information when using 3D imaging, which may aid in decision making of when and how to treat a specific tooth or group of teeth. This might lead to an improved treatment plan prior to embarking on therapy. Many decisions can be made at the time of surgical therapy, and in the future when the radiation, cost, and technical difficulties are minimized, for the average patient with moderate to severe periodontitis, 3D imaging may be more widely indicated.
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